In this paper, we discuss the development of test-bed prior to the development of HAUV (hovering autonomous underwater vehicle). The test-bed under development is comprised of RTU (rotating thruster unit), the main control unit, and the power unit. The RTU, consisting of azimuth thruster and motor control board, is an integratedtype thruster to operate the test-best by controlling the direction and the propulsion of the azimuth thruster. The main control unit consists of IMU, depth sensor, main PC, and navigation control & sensor processing board. The navigation control and sensor processing board collects data transmitted from the IMU and the depth sensor and performs high-speed calculations to apply the navigation system. The main PC transmits commands to the navigation control and sensor processing board as well as the motor control board, and engages in communication with the outside. The user performs real-time monitoring through communication with main PC. In the power unit, the power system considering emergency situations is applied. The power unit supplies power to RTU and the main control unit.
Introduction
As there are a lot of resources available in the sea, there is a high level of interest in global marine exploration and development. Recently, development of unmanned submarines is rapidly growing as a tool for marine exploration and development. Accordingly, the count of unmanned submarines held by each nation in the world is increasing, and the demand for unmanned underwater vehicles is expected to substantially grow by 2016 [1] .
The best known unmanned submarines include Norway's REMUS series, India's MAYA, Singapore's STARFISH, and U.S.A's ODYSSEY series [2] . As for Korea's unmanned submarines, initially OKPO was developed by DSME, followed by BOTO [3] by Samsung Tales and ISiMI [4] by Hanhwa [5] .
The following Figure 1 is the shape of an HAUV under development as a tool for marine exploration and development. The HAUV has a streamlined shape, with the length of 1000mm, width of 350mm, and height of 450mm. A pair of azimuth thruster and two tunnel thrusters are located on the side, and one tunnel thruster is placed at the rear in the up-and-down direction. The azimuth thruster is the main thrust of HAUV, and the movement allows a 360°turn. The HAUV can control the depth and the steering control by using the azimuth thruster. The two tunnel thrusters located on the side are used when the HAUV moves sideways [2] . One tunnel thruster located at the rear can be used to control the pitch of the HAUV. The pitch refers to the angle by which the y-axis centered at the body of the HAUV [6] .
In this paper, we discuss the hardware and the software for HAUV under development. As for the structure of the paper, we discuss the development of HAUV's test-bed in chapter 2, and close with conclusion in chapter 3.
Development of HAUV's Test-Bed

Prototype of HAUV
As for the HAUV's prototype, it has the dimensions of 1000mm of length, width of 350mm, and height of 450mm as shown in Figure 2 . The prototype is made up with RTU, main control unit, and power unit inside of the aluminum frame structure. The exterior of each unit is manufactured with acryl cases, and has buoyancy. As for the placement of each unit, the prototype's center of gravity as well as center of buoyancy must be considered. The RTU is placed at the center of the prototype, while the main control unit is placed in front of the RTU and the power unit underneath the RTU. In order to control the prototype's center of gravity and buoyancy, an empty acryl case is additionally placed at the back area of the RTU. At the rear, a thruster to control the pitch of the prototype is placed [7] .
RTU (Rotating Thruster Unit)
The RTU is a unit used to control the azimuth thruster and the rear thruster to operate the HAUV, and is manufactured in a cylindrical shape as shown in Figure 3 (a). The RTU has a length of 350mm and diameter of 170(ϕ) mm, and a pair of azimuth thruster is placed on the side, with the structure of waterproof connector connected at the center. The inside of the RTU consists of motor control board and servo motor, as well as the slip ring as shown in Figure 3 (b). The processor of motor control board is ATmega128, which is a microprocessor from ATMEL. As for the azimuth thruster and the rear thruster, Figure 4 is the shape of the main control unit. The main control unit performs navigation calculation and collects sensor data in order to operate the HAUV, and engages in communication with the outside. The main control unit has a length of 350mm and the diameter of 170(ϕ) mm, having the same dimensions as the RTU. The inside of the main control unit consists of main PC, the navigation control and sensor processing board, IMU, depth sensor, and serial hub as shown in Figure 4 The depth sensor checks for the water pressure under the water to measure the depth of the HAUV, while the IMU utilizes the accelerator sensor, earth magnetic field sensor, and gyro sensor to measure the posture of the HAUV. Figure 5 depicts the power unit, it is manufactured in a box shape with a dimension of 560mm in length, 310mm in width, and 90mm in height. The power unit consists of the battery, and the DCDC convertor.
Main Control Unit
Power Unit
The electronic battery supplies power to the main PC, navigation control and sensor processing board, IMU, depth sensor, and the motor control board. The power capacity is determined as 42.33Wh considering the safety coefficient as 1.5.
The motor battery supplies power to the RTU's The power output of the battery is DC 25.9, while the voltage used in the units are varied at 3.3V, 5V, 12V, and 24V. These are converted to using the DC/DC converter. Figure 6 is the diagram of the power system. When the 5V DC/DC converter turns on using the magnet switch, the navigation control and sensor processing board, the motor control board, IMU, and RF module becomes the ON status. When the navigation control and sensor processing board is in the ON status, the 12V, 24V DC/DC converter also becomes the ON status. As for the navigation control and sensor processing board, the DC/DC converter can be individually controlled ON/OFF [8] . Figure 7 shows the electronic system comprised of the main PC, navigation control and sensor processing board, and motor control board. The main PC uses navigation control and sensor processing board as well as RS-232 serial communication with the user to transmit and receive data. The navigation control and sensor processing board uses RS-232 serial communication to collect IMU's data, and uses the ADC (analog to digital convertor) to engage in collection of depth sensor data as well as to verify the remaining level of electronic battery. It also uses the GPIO (general purpose input/ output) to check whether there have been leakages at the main control unit. The motor control board controls the propulsion of the azimuth thruster and rear thruster using the PWM (pulse width modulation) output, and employs the RS-232 serial communication to control the operation of the servo motor. The motor control board uses the ADC to verify the remaining level of motor battery, and employs the GPIO to check the leakage of RTU.
Composition of the Electronic System
Main PC
The main PC classifies data transmitted from the navigation control and sensor processing board into position (x, y, z), linear velocity (u, v, w), posture (ϕ, θ, ψ), and angular velocity (p, q, r) data through the parsing process, and uses the classified data in controlling the depth and pitch of the HAUV. The main PC classifies the data transmitted from the control board into the direction and propulsion data of azimuth thruster through the parsing process.
All data classified in the main PC is transmitted to the user so that the user can perform monitoring from the outside. Figure 8 exhibits the system engaged in data parsing and controlling the operation of HAUV using LabVIEW in the main PC. 
Navigation Control and Sensor Processing Board
The navigation control and sensor processing board is comprised of 2 processors which are TMS320F28335 and ATxmega64A1. The TMS320F28335 is a navigation control processor in charge of high-speed calculations necessary to apply navigation system, while the ATxmega64A1 functions as the sensor processor, collecting the IMU, depth sensor data and checking whether there are leakages at the main control unit as well as the remaining level of electronic battery [9] . Figure 9 shows the flowchart of navigation control and sensor processing board. The sensor processing processor collects raw data issued from the IMU and the depth sensor. The depth sensor's raw data is converted to the HAUV's depth data applying the ADC mapping method, while the IMU raw data is separated through the parsing process. The converted depth data and categorized IMU data is transmitted to the navigation control processor. The orientation matrix data transmitted by the navigation control process is as shown in Eq. (1). The navigation control processor applies Eq. (2), (3), and (4) to convert the orientation matrix data into Euler angles, and categorizes them into data to be applied to the navigation system. The data grouped in navigation control processor is transmitted to the main PC [10] . 
Motor Control Board
The motor control processor uses PWM output to control the propulsion of azimuth thruster and the rear thruster, and controls the servo motor through RS-232 serial communication. The direction of azimuth thruster is controlled by the operation of servo motor. The motor control processor uses the ADC to check the remaining level of motor battery and detects whether there has been RTU leakages or not through GPIO. The control of azimuth thruster's and rear thruster's propulsion and direction within the motor control processor take place through commands received from the main PC.
Conclusion
In this paper, we developed the hardware and software of test-bed in order to develop the test-bed of HAUV. The developed test-bed consists of RTU, main control unit, and power unit. The electronic system of the test-bed was made up of motor control board, navigation control and sensor processing board, and the main PC. Whereas the RTU is a unit needed to control the azimuth thruster, the main control unit provides operations needed for controlling the test-bed and collects sensor data. The power unit supplies power to the RTU and the main control unit, and disconnects power when emergency occasions take place. In the electronic system, the motor control board receives commands from the main PC and controls the direction and propulsion of the azimuth thruster, while the navigation control and sensor processing board measures and calculations the position, speed, angular velocity, and posture data of the test-bed. In the electronic system, the main PC provides commands to the motor control board as well as the navigation control and sensor processing board, and engages in communications with users located outside.
In order to test the control of the test-bed, we have performed operation of the azimuth thruster as well as a communications test. As for the control test of the test-bed, we plan to perform a water-tank testing. Subsequently, we plan to implement and test a controller for controlling the direction and hovering of the test-bed.
